Objective: To objectively measure habitual physical activity and sedentary behaviour in a clinical sample of obese children and to compare with age-and sex-matched non-obese controls. Design: Pairwise comparison of obese children matched for age and gender with non-obese controls. Subjects: A total of 116 obese children (body mass index (BMI)X98th centile) and 53 non-obese control children (BMIo85th centile). Controls were matched with 53 of the obese children (mean age 8.6, s.d. 2.0 years; 25 M and 28 F). Measurement: Habitual physical activity and sedentary behaviour were measured over a 7-day period using CSA accelerometers. Total physical activity (mean accelerometry count per minute (c.p.m.)), percentage of monitored time in sedentary behaviour, light and moderate to vigorous intensity physical activity (MVPA) were compared. Results: Obese children (n ¼ 116) spent on average 80.4% of their monitored time in sedentary behaviour and 2.5% of their monitored time in MVPA. Total activity (mean c.p.m.) was significantly higher in the non-obese group (n ¼ 53) than the obese group (n ¼ 53), 729 vs 648 c.p.m.; 95% confidence interval (CI) 7, 155. Time spent in sedentary behaviour averaged 80.9% (s.d. 6.6) in the obese group and 79.3% (s.d. 6.2) in the non-obese group, with no significant between-group difference (95% CI À3.9, 0.6). Light intensity activity was similar in the obese and non-obese groups (15.9 vs 17.3%; 95% CI À0.3, 3.0). Participation in MVPA was significantly higher in the non-obese vs obese group (3.9 vs 2.4%; 95% CI 0.6, 2.0). Conclusion: This study supports the hypothesis that a clinical sample of obese children is less physically active than non-obese children, although the difference in total activity and MVPA between the groups was small.
Introduction
There has been a rapid rise in the prevalence of childhood obesity over the last few decades and obesity is now one of the most common paediatric health problems. In 2001, the prevalence of obesity (body mass index (BMI)X95th percentile) in Scottish children was 10% at age 4/5 years and 20% at age 11/12 years. 1 These figures are higher than those described for US Caucasian children of similar age at about the same time using similar obesity definitions. 2, 3 Obesity in children has significant adverse effects on health both in childhood and adulthood. 4 Guidelines on treatment of paediatric obesity recommend energy intake restriction combined with increasing physical activity and reducing sedentary behaviour. 5, 6 Furthermore, these guidelines also recommend that the clinician and the family should assess the child's habitual physical activity and sedentary behaviour, so that treatment can focus on making small gradual changes to these behaviours. 5, 6 However, to date no previous studies have quantified physical activity and sedentary behaviour using objective measures in clinical samples of obese children. Thus, the starting point for a clinical consultation surrounding these behaviours is unclear for both the clinician and the family. Current management of childhood obesity is often unsuccessful 7 and this may in part be owing to an inadequate understanding of the behaviour of the children and their families. 8 Previous research on physical activity in paediatric obesity has focused on non-clinical samples, comparing habitual physical activity or energy expenditure in obese and nonobese children and adolescents. [9] [10] [11] [12] [13] [14] [15] [16] Most of these studies found lower levels of physical activity and *PAL (TEE/REE) in obese children and adolescents relative to their lean counterparts. [9] [10] [11] [12] [14] [15] [16] The few studies that have compared objec-tively measured sedentary behaviour in non-clinical samples of obese and lean children have reported inconsistent results. 10, 14, 15 The aims of this study were therefore to use accelerometry to (1) measure habitual physical activity and sedentary behaviour objectively in a clinical sample of obese children aged 5-11 years; (2) compare the results with a sample of ageand sex-matched non-obese control children. The hypothesis is that obese children from a clinical sample are less physically active and more sedentary than non-obese children.
Methods

Participants
Obese children were participants in the Scottish Childhood Obesity Treatment Trial (SCOTT). This is a randomized controlled trial comparing a novel dietetic-led behavioural programme with standard dietetic care to treat obese children. 17 The cohort consisted of obese children aged 5-11 years from the cities of Glasgow and Edinburgh, Scotland. Obesity was defined as a BMIX98th percentile on age-and gender-specific UK 1990 reference charts. 18 Obese children were recruited from dietetic waiting lists at paediatric hospitals in Glasgow and Edinburgh, and were referred from hospital doctors, school nurses and community paediatricians for treatment of paediatric obesity. Children were excluded if they had received treatment from a dietitian in the last year, if their obesity had an underlying medical cause or if they had a serious co-morbidity requiring urgent treatment. In total, 134 children participated in the SCOTT study. Physical activity, sedentary behaviour, mass and height were recorded at baseline (pre-treatment) and 6 and 12 months after the start of treatment. The baseline data were used in the present study. However, 18 participants were excluded for the following reasons: eight did not provide adequate activity monitoring data, seven refused to wear the monitor, one monitor was faulty and two monitors were lost. Thus, physical activity measurements were successfully obtained in 116 of the 134 obese children. Control children were recruited from two mainstream primary (elementary) schools in Glasgow, Scotland. Initially, we recruited and measured physical activity, sedentary behaviour, weight and height in 87 children from these schools. However, 28 children were excluded as controls because they were overweight or obese, defined as BMIX85th percentile on age-and gender-specific UK 1990 reference charts. 18 In addition, six children were excluded because they had either not complied with wearing the monitor (n ¼ 5) or the monitor had been faulty (n ¼ 1). Thus, the final sample consisted of 53 non-obese children closely pair-matched for age and gender with 53 children from the obese clinical group. The study was approved by the Yorkhill Research Ethics Committee and informed written consent was obtained from all children and their parents/guardians.
Sample size
The sample size calculation was based on data from a previous study, which found a statistically significant difference in total physical activity (100 accelerometry counts/min/day) between boys and girls. 19 We calculated that a minimum of 40 pairs were required to have a 90% power of detecting a mean difference of 100 accelerometry counts/min/day (which represents a difference of at least 10% in accelerometer output) between obese and non-obese groups with a significance level of 5%. The pair-matched design was intended to reduce the influence of factors other than obesity between the two groups (i.e. age, gender) and to increase the power of the study. Therefore, the present study was adequately powered to detect a true difference in total physical activity (mean count per minute (c.p.m.)) between obese and non-obese children.
Measurement of physical activity and sedentary behaviour
Habitual physical activity and sedentary behaviour were measured using the CSA/MTI 7164 accelerometer (MTI, FL, USA). This accelerometer is small, lightweight and practical for use with children. 19, 20 The validity and reliability of these monitors for measuring physical activity and sedentary behaviour in children has been demonstrated repeatedly. [20] [21] [22] [23] [24] [25] All monitors were routinely calibrated before use. Monitors were attached to adjustable elastic belts and worn over the right hip under clothing as described previously. 19, 20 Children were instructed to wear the monitor during all waking hours for seven consecutive days, except during bathing and other water activities. Participants recorded the time that the monitor was attached and removed each day and other times that the monitor was removed during the day, for example, swimming. At the beginning of the study, we decided that a minimum of 6 h per day on 3 days of activity monitoring was required for inclusion in the data analysis. This activity monitoring period is sufficient to obtain reliable estimates of childrens' habitual physical activity. 26, 27 However in practice, the median duration of activity monitoring was 72 h (range 26, 100), which greatly exceeded our minimum criteria and is equivalent to 10 h/day for 7 days. The accelerometers were set to record activity in 1 min sampling intervals (epochs) as described previously. 19, 20, 28 The 'raw' accelerometry output (c.p.m. averaged over the monitoring period) was used as a measure of total physical activity. 19, 20, 28 This variable has been thoroughly validated against criterion methods (i.e. direct observation and energy expenditure) during free-living activities in children. 21, 22, 24, 25, 28, 29 Accelerometry output was also used to determine the percentage of monitored time spent in sedentary behaviour and different intensities of physical activity using published cutoff points. 21, 22 Cutoff points used in the present study were: sedentary behaviour o1100 c.p.m., 22 light intensity activity 1100-3200 c.p.m. and
Physical activity and inactivity in obese children AR Hughes et al moderate to vigorous physical activity (MVPA) 43200 c.p.m.. 21 The cutoff point for MVPA (43200 c.p.m.) was validated against energy expended during free-living activities in children aged 6-16 years. 21 Other validation studies have established similar threshold counts to categorize MVPA using direct observation and energy expenditure on activity in both children and adolescents. [30] [31] [32] The cutoff point to define sedentary behaviour (o1100 c.p.m.) was validated against direct observation of free-living activity in slightly younger children, 22 but this cut point is applicable across the 3-11-year-old age range. 33 Anthropometry Height was measured to the nearest 0.1 cm using a portable stadiometer (Leicester, UK). Weight was measured to the nearest 0.1 kg using scales (Tanita). Body mass index was calculated as weight (kg)/height (m 2 ). Body mass index was expressed relative to 1990 UK population reference data as a standard deviation score (SDS) and centile. 18 Overweight and obesity was defined as BMIX85th centile and 98th centile, respectively.
Statistical analysis
All statistical analyses were conducted with Minitab 13.0. Data were checked for normality before analysis using descriptive statistics, histograms with normal distribution curves and Anderson-Darling normality tests. As obese and non-obese children were matched for age and sex, paired tests were used to analyse differences between groups. Total physical activity, total hours monitored and percentage of monitored time spent in sedentary behaviour and light intensity activity were normally distributed, thus paired ttests were used to detect differences between obese and nonobese groups. The proportion of time spent in MVPA was not normally distributed, thus Wilcoxon-signed rank tests were used to determine between-group differences. Physical activity and sedentary behaviour in obese vs non-obese children Descriptive characteristics of the 53 obese and 53 non-obese participants are shown in Table 2 . In both groups, the mean age was 8.6 years (s.d. 2.0) and there were 25 boys and 28 girls. The groups did not differ significantly for age. As expected, weight, height, body mass index, BMI SDS and centile (relative to the 1990 UK population reference data) were significantly higher in the obese group compared to the non-obese group. Table 3 shows total hours monitored, total physical activity, and the percentage of monitored time spent in sedentary behaviour, light intensity physical activity and MVPA in the obese and non-obese groups. The mean duration of activity monitoring was 68.0 h (s.d. 18.1) in the obese group and 65.8 h (s.d. 14.8) in the control group, with no significant between-group difference. Total physical activity (mean c.p.m.) was significantly higher in the nonobese group compared to the obese group (Paired t-test, 95% confidence interval (CI) 7.1, 155.2). Time spent in sedentary behaviour was not significantly different between the groups (Paired t-test, 95% CI À3.9, 0.6). The proportion of monitored time spent in sedentary behaviour was 80.9% (s.d. 6.6) in the obese group and 79.3% (s.d. 6.2) in the nonobese group. Light intensity physical activity was similar in the non-obese and obese groups (Paired t-test, 95% CI À0.3, 3.0). Participation in MVPA was significantly higher in the non-obese group vs the obese group (Wilcoxon-signed rank test, 95% CI 0.6, 2.0). Obese children spent 2.4% (range 0.2, 10.8) of their monitored time in MVPA (equivalent to 16 mins/day) compared to 3.9% (range 1.2, 13.0) in the non-obese controls (equivalent to 23 mins/day). Physical activity and inactivity in obese children AR Hughes et al
Results
Physical activity in obese children participating in the Scottish
Discussion
Physical activity in obese children participating in the Scottish Childhood Obesity Treatment Trial study This study used an objective method to measure habitual physical activity and sedentary behaviour in a clinical sample of obese children. Baseline (i.e. pre-treatment) accelerometry data indicate that obese children spent the majority (81%) of their waking hours engaging in sedentary behaviour and only 2.5% of their monitored time participating in MVPA (equivalent to 18 min/day). Current physical activity guidelines for children in the UK recommend a minimum of 60 min of moderate intensity physical activity per day. 34 Thus, the physical activity levels of obese children in this study are much lower than those recommended currently and treatment of childhood obesity should clearly involve increasing physical activity and reducing sedentary behaviour as recommended in treatment guidelines.
5,6
Physical activity and sedentary behaviour in obese vs non-obese children Results from the present study are consistent with the hypothesis that a clinical sample of obese children are less active than non-obese children. Total physical activity and participation in moderate to vigorous activity was significantly lower in obese children compared to non-obese children. However, these differences in total physical activity (81 c.p.m.) and MVPA (1.2% of monitored time) between the obese and non-obese groups were small. Research suggests that lack of physical activity is important in the development and maintenance of childhood obesity, 6 ,17 thus we expected to find more substantial differences in physical activity and sedentary behaviour between the obese and lean children. Our findings show that a clinical sample of obese children is not much less physically active than their lean counterparts. There is a common belief that obesity results from laziness, which often makes overweight children and their families feel embarrassed and ashamed. 6 Our findings can help to reassure parents that obese children are not markedly less active than their peers. Nevertheless, our findings indicate low levels of physical activity in obese children and therefore treatment of childhood obesity should still involve increasing physical activity and reducing sedentary behaviour. 5, 6 Paediatric obesity guidelines recommend that families be treated sensitively and with compassion. 6 The results of the present study may help health professionals meet these recommendations by improving their understanding of physical activity and sedentary behaviour of obese children and so potentially optimize future management.
In the present study, we expected that obese children would be more sedentary than non-obese children. In contrast to our hypothesis, sedentary behaviour was similar in both groups. However, it is possible that there were subtle differences in the types of sedentary behaviours between the groups, which would not be detected with accelerometry. Studies suggest that TV viewing is associated with childhood obesity and that increased TV viewing may lead to increased snacking. 6 Therefore, it is possible that the obese children watched more TV than control children, and that they tended to snack more while engaging in sedentary behaviours. In clinical practice, emphasis should be placed on modifying eating in association with sedentary behaviour. Values given as mean (s.d.) except MVPA, which is given as median (range). Sedentary behaviour o1100 counts/min, light intensity activity 1100-3200 counts/min, MVPA43200 counts/min.
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Other studies comparing sedentary behaviour in obese and lean children have reported inconsistent results. 10, 14, 15 In addition, no previous studies have compared objectively measured sedentary behaviour in clinical samples of obese children with controls.
Strengths and limitations
The present study included a clinical sample of obese children who were selected on the basis of having been referred for management of their obesity. The methods were objective, validated and the study was adequately powered. However, the extent to which the results observed are generalizable to the general obese paediatric population is unclear. Although, the specific aim of this study was to characterize levels of physical activity and sedentary behaviour in clinical samples of obese children rather than understand the aetiology of paediatric obesity. This information is applicable to health professionals interested in treating childhood obesity. For clinical settings, the present study suggests that obese patients are not likely to be more strikingly sedentary or much less physically active than their peers.
We did not match the control and obese children for pubertal status, as it would have been impractical to conduct this assessment. Obese children tend to enter puberty at an earlier age than controls, which may potentially have affected both body fat and physical activity patterns. However, in the present study, the majority of obese and control children were measured before puberty because the mean age of the sample was 8.6 years (s.d. 2).
We acknowledge that physical activity and energy expenditure are separate constructs. 35 The energy cost of standard exercise tasks is higher in obese children compared to non-obese children. 15 In the present study, physical activity assessed by accelerometry was significantly lower in the obese group, whereas energy expended on physical activity may have been similar or higher in obese children than controls. However, the emphasis of the present study was on patient behaviour rather than energy expenditure and the study was not designed to address causes of childhood obesity. This study used a uniaxial accelerometer, which measures movement predominantly in the vertical plane. Theoretically, measuring movement in more than one plane may provide a more accurate assessment of physical activity. However, comparisons of uniaxial with biaxial or triaxial accelerometers have reported little difference in accuracy of physical activity measurements 36, 37 and it is likely that there is a substantial vertical component to most movements in children. In addition, the CSA was shown in paediatric studies to have high validity relative to criterion measures, and validated paediatric cutoffs for accelerometry output are available which are based on free-living activity and sedentary behaviour. 21, 22, 24, 25 The use of 1-min accelerometry sampling intervals may limit the accuracy of measuring vigorous activity. However, empirical evidence suggests that the main practical consequence of using 1 min epochs in children is a misclassification of some vigorous intensity activity as moderate intensity activity. 38 Therefore, we combined moderate and vigorous intensity physical activity in the present study, but in practice this probably made little difference because the total time spent in the combined category was so small. We are confident in the ability of the accelerometry count cut points to correctly classify sedentary behaviour and MVPA for several reasons. Firstly, the cutoff point we used to define MVPA (43200 c.p.m.) was validated against energy expended on activity in children across the age range 6-16 years. 21 Secondly, other validation studies have identified similar cutoff points for MVPA ranging from 3000 to 3500 c.p.m. in children of different ages and using different criterion methods (i.e. direct observation and energy expenditure) in a variety of free-living activities. [30] [31] [32] In the present study, participation in MVPA in obese and control children was low compared to previous studies using accelerometers to measure physical activity in children. 9, 14, 15 However, these previous studies used lower cut points to define MVPA therefore obtained much higher estimates of MVPA. The 1100 c.p.m. cut point used in the present study to classify sedentary behaviour was validated against direct observation of activity in slightly younger children; 22 however, this cut point is applicable across the 3-11-yearold age range. 33 In addition, a previous study identified a similar cutoff point for sedentary behaviour of o800 c.p.m. in children aged 6-16 years using energy expenditure during a range of typical activities in a whole body calorimeter as the criterion measure. 21 We applied this cut point for sedentary behaviour (o800 c.p.m.) to our accelerometry data and found similar results to those produced using the 1100 threshold count. When using the 800 c.p.m. cutoff, 21 the time spent in sedentary behaviour averaged 74.3% (s.d. 7.7) in the obese group and 73.4% (s.d. 6.9) in the non-obese group, with no significant between-group difference (95% CI À3.4-1.7). Finally, the raw accelerometry data, expressed in mean c.p.m., is a measure of total physical activity which has been rigorously validated during children's free-living conditions using direct observation and doubly labelled water (DLW) as criterion methods. 21, 24, 25, 28, 29 In the present study, we found that the results for total physical activity and the proportion of time spent in MVPA (i.e. 43200 c.p.m.) were consistent and suggest the same conclusion that there was a significant but small difference in physical activity between the obese and non-obese children.
Conclusions
The present study measured habitual physical activity and sedentary behaviour objectively in a clinical sample of obese Physical activity and inactivity in obese children AR Hughes et al children and non-obese control children. Total physical activity and participation in MVPA were significantly lower in obese children compared to non-obese children. However, the difference in physical activity between the groups was relatively small and participation in sedentary behaviour was equally high in both groups. These results suggest that health professionals managing obese children and their families should not assume that their levels of physical activity and sedentary behaviour are exceptionally different from their peers. Nevertheless, we found that obese children demonstrated very low levels of physical activity, thus treatment should still focus on increasing physical activity and reducing sedentary behaviour.
